Background and Purpose-After acute ischemic stroke, the proportion of patients with detectable lesions on fluidattenuated inversion recovery (FLAIR) MRI sequences increases over time. We investigated whether thrombolysis was less effective in FLAIR-positive versus -negative patients.
C urrently, patients with acute ischemic stroke are eligible for thrombolysis within 4.5 hours after symptom onset. 1 After vessel occlusion, cell death cascades evolve in a time-dependent manner and lead to the conversion of an ischemic penumbra into the infarcted brain tissue. However, the dynamics of lesion growth differ significantly between individual patients with stroke. Therefore, tissue signatures determined by MRI rather than time from symptom onset may be a better criterion of a stage in which treatment is no longer effective or may even become harmful. Previous studies have shown that hyperintensities on fluid-attenuated inversion recovery (FLAIR) correlate to a certain extent with time from symptom onset. 2, 3 However, no study has investigated if the effects of thrombolysis on lesion growth and neurological deficits differ depending on FLAIR lesion visibility before treatment.
We hypothesized that patients with visible lesions on FLAIR in the area of diffusion restriction show significantly different responses in terms of clinical improvement and lesion growth after thrombolysis as compared with patients without visible lesions on FLAIR.
Methods
Details of the imaging protocol have been reported previously. 4 All consecutive patients with stroke who underwent a 3-T MRI before and 24 hours after thrombolysis between May 2008 and October 2009 were included if exact time of onset was known. Until August 2008, thrombolysis was performed within 3 hours postsymptom onset. Thereafter, the time window was extended to 4.5 hours because of the results of European Cooperative Acute Stroke Study (ECASS) 3. 1 Thrombolysis was performed regardless of lesion visibility on FLAIR. Blinded to time of symptom onset, 3 raters independently judged the visibility of lesions on FLAIR in the area of diffusion restriction on the scans of Day 1. In cases of disagreement, consensus was achieved during a joint second reading. If patients had severe white matter damage or no consensus could be reached for other reasons, patients were excluded. Lesion volumes on diffusion-weighted imaging as well as National Institutes of Health Stroke Scale (NIHSS) before (Day 1) and 1 day after thrombolysis (Day 2) were determined. A group comparison of FLAIR-positive and FLAIR-negative patients in terms of diffusion-weighted imaging lesion volume growth (volume Day 2ϪDay 1) and clinical outcome (NIHSS on Day 2ϪNIHSS on Day 1) was performed using a nonparametric test. Lesion volumes were delineated manually on each slice using MRIcro (Version 1.40). The program summed up all pixels within the delineated region of interest. The total number of pixels was then multiplied by the size of the voxels, including interslice gaps, to obtain the lesion volume. All analyses were performed with PASW Statistics 18.
Results
We identified 61 patients who fulfilled our inclusion criteria. Ten patients were excluded from further analyses due to poor imaging quality (3) or inability to reach consensus, for example, due to severe leukoaraiosis in the area of the diffusion restriction (7). Median baseline NIHSS of the remaining 51 patients (25 females, mean age 71 years, median time to first scan 82 minutes, interquartile range [IQR] 69 to 106 minutes) was 6 (IQR 4 to 14) and median lesion volume was 2.8 mL (IQR 0.9 to 8.7). Follow-up MRI and NIHSS were performed on Day 2 in 45 patients and on Day 3, 5, 6, or 9 in 6 patients due to logistical problems or patients' inability to undergo scanning at an earlier point in time. We found 26 FLAIR-positive and 25 FLAIR-negative patients. Baseline characteristics did not differ significantly between the groups (Table) .
We found no significant difference in terms of lesion growth between FLAIR-positive (median growth 2.6 mL, IQR Ϫ0.1 to 17.6) and FLAIR-negative (median growth 0.8 mL, IQR 0.1 to 17.8) patients (Pϭ0.792, Mann-Whitney rank sum test; Figure) . Five patients (3 FLAIR-positive and 2 FLAIR-negative patients) showed shrinkage of diffusionweighted imaging lesion volume by Ͼ0.5 mL (median diffusion-weighted imaging shrinkage Ϫ2.5 mL). Median change NIHSS 1 day after thrombolysis did not differ significantly between groups (FLAIR-positive: Ϫ3, IQR Ϫ5 to 0 versus FLAIR negative: Ϫ2, IQR Ϫ5 to 1; Pϭ0.603, Mann-Whitney rank sum test).
Discussion
Based on our results, we rejected our hypothesis. We found no significant difference in terms of lesion growth or neurological changes after thrombolysis between FLAIR-positive and FLAIR-negative patients. Therefore, thrombolysis should not be withheld solely based on FLAIR lesion visibility. Within the current time window for thrombolysis, it is not uncommon to detect lesions on FLAIR in the area of diffusion restriction. In our sample, approximately 50% of patients were FLAIR-positive, similar to previously reported results. 2, 3 An acknowledged limitation of our study is a relatively small sample size with a wide range of lesion volumes yielding the possibility of a Type II error. We may have failed to observe a possibly existing difference between FLAIR-positive and FLAIR-negative patients due to our sample size. In other words, absence of evidence is not evidence of absence 5 and larger studies on this topic may be warranted. Nevertheless, at this point in time, patients with ischemic stroke should be regarded as eligible for thrombolysis within 4.5 hours after symptom onset independent of FLAIR lesion visibility.
Sources of Funding

